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The Atkan Formation in the Ayan-Yuryakh anticlinorium, Magadan province, northeastern Russia, is of great in-
terest because of the occurrence of deposits of apparent “dropstones” and “ice rafted debris” that have been pre-
viously interpreted as glacial. Two high-precision U–Pb zircon ages, one for an intercalated volcanic tuff (262.5±
0.2 Ma) and the other for a boulder clast (269.8± 0.1 Ma) within a diamictite of the Atkan Formation, constrain
the age of the Atkan Formation as Guadalupian (middle Permian). Sedimentologic study of the Atkan Formation
casts doubt on the glacial nature of the diamictites. Deposition of rocks of the Atkan Formation temporally corre-
lates with the Capitanian interglacial event in the southern hemisphere that recently was calibrated with high
precision CA-TIMS. The previously proposed climate proxy record based upon warm-water foraminifera,
which corresponds closely to global climate ﬂuctuations, is compared with the glacial record of eastern
Australia and indicates that the Capitanianwas a time of globally warm climate. The sedimentology of Atkan For-
mation, the record of diversiﬁcation of both fusulinids and rugosa corals, global sea-water temperature, and sea-
levelﬂuctuations agreewell with high latitude paleoclimate records in northeastern Russia and easternAustralia.
Major components of the Atkan Formation, the volcanic rocks, are syngenetic with the sedimentation process.
The volcanic activity in the nearby regions during middle–late Permian was quite extensive.
© 2015 International Association for Gondwana Research. Published by Elsevier B.V. All rights reserved.
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1. Introduction
Bipolar ice caps are a main feature of manymodels for Earth's glaci-
ations. For the late Paleozoic ice age, the evidence for bipolarity is not so
obvious, although it is assumed in most publications (i.e., González and
Díaz Saravia, 2010; Montanez and Poulsen, 2013 and references there
within). The Permian in northeastern Russia contains key sedimentary
deposits that have been previously interpreted as glacial. The most
cited glacial unit is the upper Permian Atkan Formation in Magadan
province, northeastern Russia, and correlative units in the Omolon
microcontinental block (Epshteyn, 1972; Chumakov, 1994; Raymond
et al., 2004; Chumakov, 2015), where glacial deposits, including
dropstones and ice rafted debris were reported (e.g., Epshteyn, 1972;
Chumakov, 1994). These upper Permian deposits (in the older sense,
but which now include middle [Guadalupian] and upper [Lopingian]
Permian of the recent geologic time scale) have become the most com-
monly cited evidence for late Paleozoic glaciation in theNorthernHemi-
sphere (Chumakov, 1994; Isbell et al., 2012; Montanez and Poulsen,
2013). Other Pennsylvanian and Cisuralian glacial deposits in northeast-
ern Asia are very poorly documented or constrained (Ustritskiy and
Yavshits, 1971).
Permian chronostratigraphy in northeastern Russia and correlative
units outside of the region are still poorly deﬁned due to an absence of
diverse and high resolution conodont or fusulinid fossil faunas; the
strongprovincialitywithin other fossil faunas including brachiopods, bi-
valves, smaller foraminifera, and ammonoids; and a lack of radiometric
dates. Although recent biostratigraphic studies have greatly improved
the chronostratigraphy of these strata (Ganelin and Biakov, 2006;
Klets et al., 2006; Kutygin, 2006; Karavaeva and Nestell, 2007; Biakov,
2010; Davydov and Biakov, in press), many problems remain in
constraining the important paleobiologic and geologic events in this re-
gion. The presence of Permian volcanism is currently disputed by some
geologists, and volcanic material, including boulders and gravel within
the Atkan Formation, is interpreted as Devonian in age (Epshteyn,
1981; Chumakov, 1994; Ganelin, 1997, 2013). The new interpretations
of the Atkan Formation as volcanoclastic diamictites (Biakov et al.,
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